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This invention relates to radio jamming systems, and
more particularly to a system for tuning the jamming
transmitter to the exact frequency of the signal to be
jammed.

An object of this invention is to provide a novel method
and means for quickly, easily and accurately jamming a
desired signal.

Another object of this invention is to provide a system
which insures that the frequency of the jamming trans-
mitter is exactly that of the signal to be jammed.

A further object of this invention is the provision of
a novel arrangement for locking the tuning of the jam-
ming transmitter with that of the receiver, so that the
tuning of the receiver to the frequency of the signal to
be jammed results in accurate tuning of the jamming
transmitter to the same frequency.

More specifically, the invention contemplates the inclu-
sion of an automatic frequency control metwork in the
receiver, which is responsive to lock the tuning of the
receiver to the frequency of the jamming transmitter but
not to that of the received signal to be jammed, whereby
a maximum reception by the receiver of the signal to be
jammed at the receiver setting determined by the jamming
transmitter frequency, is an assurance that the jamming
transmitter frequency is the same as that of the signal
to be jammed.

These and other objects and advantages of the present
invention will be apparent from the following descrip-
tion of a preferred embodiment thereof, illustrated in the
accompanying drawing, in which the single figure is a
circuit diagram of a preferred form of jamming system
in accordance with the present invention.

As shown in the drawing, the jamming system accord-
ing to the present invention contemplates the use of two
receivers, generally indicated at 1 and 101, and a jamming
transmitter 2. The receiver 1, which may be termed a
scanning receiver, is of the type which may be automati-
cally tuned over a given frequency range to produce
scanning indications on a cathode ray oscilloscope indi-
cator 5. The transmitter 2 may be manually tuned simul-
taneously with the receiver 1 to maintain the frequency
of the transmitter substantially in line with the mean
frequency of the receiver 1. At 3 is shown a blank
saw-tooth generator which serves to produce the sweep
frequency for oscilloscope 5 and to synchronize the
operation of a multi-vibrator 4 which serves to alternately
block receivers 1 and 101, on the one hand, and trans-
mitter 2 on the other hand.

The operation of the saw-tooth generator 3 and of the
multi-vibrator 4 in connection with the receiver 1 and
the transmitter 2 is disclosed and more fully explained
in the copending application of Emile Labin, Serial No.
451,302, filed July 17, 1942, now U.S. Patent No.
2,412,991, and specifically forms no part of the present
invention which is an improvement over the system dis-
closed in the aforesaid copending case. However, since
an understanding of the operation of the saw-tooth gen-
erator and the multi-vibrator in connection with the scan-
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ning receiver and jamming transmitter is necessary for a
full understanding of the improved system forming the
present invention, a brief description of such operation
will follow. -

As disclosed in the aforesaid copending application,
the saw-tooth generator 3 preferably comprises a rotat-
ing switch disk arrangement 30 which is one half con-
ducting and one half insulating, as illustrated. This
switch may be operated by a suitable source of power
such as motor 50. A negative charging potential of rela-
tively high value, for example, 1200 volts, is applied
across a resistor 31 to charge condenser 32. The charge
in condenser 32 slowly builds up until disk 30 rotates
around to a conducting position, as shown in the drawing.
Condenser 32 then immediately discharges over this disk
in series with a relatively small resistor 33. The dis-
charged condition of the condenser prevails then for
another one half period, because of the conducting section
of disk 30, after which the cycle is again repeated. It
can thus be seen that the simple system serves to produce
saw-tooth wave forms in which the alternate cycles are
‘effectively blanked out. This saw-tooth voltage is then
fed over-a coupling condenser 34 to the horizontal scan-
ning electrodes of indicator 5.

At the same time the condenser 32 discharges, a small
portion of the voltage across resistor 33 is applied to the
control grid of the tube 41 of the multi-vibrator circuit 4.
These voltage peaks serve to synchronize the operation
of the multi-vibrator 4 with the operation of the oscillo-
graph 5. Multi-vibrator 4 comprises the two vacuum

tubes 41 and 42 connnected so that their operation is

controlled over a common cathode resistor 43, in the
manner more fully described in the copending applica-
tion of Emile Labin, Serial No. 449,595, filed July 3,
1942, now U.S. Patent No. 2,416,328.

These peak impulses occur during the straight return
or fly-back of scanning of the oscillograph. In order to
prevent this return stroke from showing on the indicator,
impulses tapped from resistor 33 are fed over an amplifier
70 to a control grid of the oscillograph 5.

The output of multi-vibrator 4 is determined by the
upward peaks occurring when the condenser 32 of the
saw-tooth generator discharges across resistor 33, serving
to key the multi-vibrator in one direction at the beginning
of every second pulse of the blank saw-tooth wave. The
reverse peaks coming from the resistor 33 serve to return
the multi-vibrator to its initial condition at the end of
the initiating saw-tooth oscillation. Thus, the multi-vibra-
tor output from the tube 42 to amplifier 51 is positive
substantially three-fourths of the time and negative one
fourth of the time. The output wave is reversed in am-
plifier 51 prior to application to transmitter 2 and receiver
101 for blocking operation thereof. The output of am-
plifier 51 serves to key transmitter 2 and the automatic
frequency control circuit of receiver 101 so that the
transmitter and this circuit are effective substantially
three-fourths of the time and blocked the other one
quarter. The -blocking operation will be described in
more detail hereinafter. It is preferable in a system of
jamming to have the transmitter on for a substantially
longer period than the receiver, since in this way it is
more difficult for enemy stations to carry on communica-
tion despite intereferences.

The output for blocking the receivers is taken from
tube 41 of the multi-vibrator so that the one quarter
period time is positive and the three-quarter period of
time is negative. This output is fed over condenser 45
to the control grids of tubes 10 and 11 of receiver 1
and the control grids of tubes 110 and 111 of receiver
101. The blocking potential for the receivers is pref-
erably made of such value that the blocking may be
overcome so that the jamming signals may be received
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for monitoring purposes,
later. However, the receiver sensitivity is sufficiently
reduced by the blocking signal so that ordinary reception
can no longer take place. In order that negative volt-
ages may be applied to the receiver during the long
blocking intervals without influencing the normal receiver
calls during the short intervening intervals when recep-
tion is desired, a rectifier 46 is provided in thc output of
the multi-vibrator to short-circuit the positive portions
of the multi-vibrator wave applied thereto. The block-
ing potential from the multi-vibrator is also applied to
the control grid 196 of a tuning indicator 180, ¢on-
nected to the receiver 101, for the purpose to be described
in more detail hereinafter.

The receiver 1 may be of any suitable type provided,
for example, with a radio frequency amplifier tube 10, a
mixing tube 11 and an oscillator 12, the output of the
mixing stage being applied to an intermedijate frequency
amplifier and detector generally indicated at 15. Signals
received over the antenna of this receiver are applied
across the vertical scanning plates of the oscillograph 5.
The tuning circuits for tubes 10, 11 and 12 are repre-
sented by coils 13, variable condensers 14 and frequency
scanning condensers 17,

The receiver 101 may be of a well-known type similar
to or different from the receiver 1. It will preferably
include a radio frequency amplifier tube 110, a convertor
and oscillator tube 111, the output of which is applied
to an intermediate frequency amplifier generally indi-
cated at 188 which, in turn, is connected to a suitable
second detector and amplifier 190, Signals received over
the antenna of receiver 101 are applied to a suitable
signal indicator such as the head phones 182 and the
tuning of the receiver 101 is indicated upon a suitable
tuning indicator 180, illustrated as being of the well-
known cathode ray type. The tuning circuits for tubes
110 and 111 are represented by transformers 113 and
variable condensers 114 mounted on a shaft which is
rotatable with the shaft for variable condensers 14 of
receiver 1. The receiver 101 is also provided with
some well-known form of automatic frequency control
embodying discriminator tube 184, reactance tube 186
and a shunt intermediate frequency tube 200. The gen-
eral operation of such an automatic frequency control
circuit illustrated is well-known to the art and need
not be here described in any further detail.

The transmitter 2 has been illustrated as a simple
oscillator, utilizing an oscillator 20 and a tuning con-
denser 27, adjustable simultaneously with the condensers
114 of receiver 101 and condensers 14 of receiver 1. A
modulator 72 for producing modulating signals for
modulating the jamming oscillator may be of the type
more fully described in the copending application of
Emile Labin, Serial No. 449,091, filed June 30, 1942,
now Patent No. 2,416,327. A brief description is given
herein, however, in order to more fully explain the oper-
ation of the entire system. A charging potential is
applied over a resistance 61 to a condenser 62 causing a
building-up of the voltage on a gas discharge tube 22,
sufficient to breakdown this tube. This produces a
relaxation oscillation of saw-tooth wave form which
is preferably quite slow, for example, in the ‘order of
from % to 10 oscillations per second. The variable
voltage output of tube 22 s then applied as the con-
trolling potential on a second relaxation oscillator gen-
erator tube 21, also of the- gas discharge type. The
time constant of the second relaxation oscillator is deter-
mined by resistor 63 and condenser 64 and is preferably
very short with respect to the time constant of the
first relaxation oscillator. Preferably, this second relax-
ation generator is made of such a short period that the
variable voltage applied from the first relaxation oscil-
lator will cause the production of saw-tooth waves of
the second oscillator to vary between about 800 and 1200
cycles per second during each scanning period of the
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first relaxation oscillator period. This saw-tooth modu-
lation is applied by plate modulation to the power oscil-
lator constituting vacuum tube 20 and its tank circuit.

The blocking signals for the transmitter are applied
from the amplifier 51 to the grid of tube 22 to peri-
odically block the operation of the transmitter during the
periods when the receivers are operated. The short
Ppositive or blocking portion of the signal serves to main-
tain tube 22 conductive so that it operates as an ordi-
nary triode and no potential builds up on condenser 62.
The longer negative portion biases the grid of the tube
22 so that it normally carries no circuit and will peri-
odically break down to provide the normal gas discharge
tube function as a saw-tooth generator.

The general operation of the afore-described system
will be as follows:

The receiver 1 is first manually adjusted by means of
the variable condensers 14 to some desired mean fre-
quency, at the same time tuning the receiver 101 and
the transmitter 2 to approximately the same mean fre-
quency. After tuning to this mean band, operation of
the scanning condensers 17 which is effected by the mo-
tor 50 of the saw-tooth generator 3 serves to vary the
tuning of the receiver 1 over a given frequency range
simultaneously with the scanning of the cathode ray
beam in oscillograph §. Signals received from any sta-
tion will then be indicated on the screen of the oscillo-
graph by suitable peaks. When it is desired to identify
one of the received signals, as indicated on the oscil-
lograph §, this may be done by the operator by a fur-
ther tuning of the receivers and listening on the head
phones 182. If it is then desired to jam one of the par-
ticular signals received, the receivers together with the
transmitter are simultaneously tuned so that the frequency
of the jamming transmitter 2 as indicated on the oscil-
lograph § will appear to be approximately that of the
frequency of the received signal to be jammed. It is to
be noted in this connection, that, is previously mentioned,
the receivers are not wholly blocked when the transmitter
2 is operating, so that an indication of the transmitter 2
will appear on the oscillograph 5, even though the re-
ceiver 1 is insensitive to other and more distant signals.

The operation described up to this point is substan-
tially the same as the operation of the jamming system
described in the afore-mentioned co- ending application
Ser. No. 451,302, which utilized a single receiver, such
as the receiver 1 and a jamming transmitter 2. It was
found, however, that it was impossible to accurately tune
the transmitter 2 to the exact frequency of the signal
to be jammed, by means of the afore-mentioned system.
It is the purpose of the present invention to provide an
arrangement, utilizing the additional receiver 101 to in-
sure the required accurate tuning of the transmitter.
Thus, after an approximate indication has been given on
the oscillograph §, as described in the preceding para-
graph, the operator turns his attention to the receiver 101,
As previously described, the receiver 101 is provided with
an automatic frequency control circuit. This circuit, how-
ever, is normally blocked when the receiver 101 is op-
erative and only becomes unblocked when the transmitter
2 receives an unblocking pulse from the amplifier 51.
The blocking and unblocking of the automatic frequency
control circuit may be effected in several ways which will
be obvious to those skilled in this art. In the circuit
which has been illustrated by way of example, I have
controlled the blocking and unblocking of the automatic
frequency control circuit by the application of a vari-
-able bias to the grid resistor 132 of the intermediate
amplifier tube 200, the biasing potential being derived
from the amplifier 51 simultaneously with the applica-
tion of an unblocking pulse from this amplifier to the
transmitter 2.

Accordingly, when the receiver 101 is unblocked, the
transmitter 2 being blocked, the receiver is tuned to the
signal to be jammed so that a maximum indication is
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given on the tuning indicator 180 which will also be
unblocked at this time. The automatic frequency con-
trol circuit will be inoperative at this time so that the
receiver will not be locked into step with the incoming
signal. When the transmitter 2 is unblocked and the re-
ceiver 101 is blocked so that the enemy signal is no
longer heard, the automatic frequency control circuit is
unblocked. As a result, the tuning of the receiver 101
will become locked to the frequency of the transmitter
2. Now, when the transmitter 2 becomes de-energized

10

and the receiver 101 again becomes energized, the tuning -

of the latter will, for a short period, remain locked to
the tuning of the transmitter, due to the inherent time
delay of the automatic frequency control circuit as the
differentiating potential slowly discharges across the con-
denser 198, the time comstant being controlled by the
resistor 202, Thus, although at this time the automatic
frequency control circuit is again blocked it will hold
the tuning of the receiver 101 to the tuning of the trans-
mitter 2 and the tuning indicator 180 which is again
operative will indicate whether or not this setting is the
optimum tuning setting with respect to the enemy signal
which is now being received. For example, if the tuning
of the transmitter 2 is slightly off from the frequency of
the signal to be jammed, the tuning indicator 180 will
show that at the moment the receiver 101 becomes
unblocked and for the period that the automatic fre-
quency control circuit still locks the tuning of the re-
ceiver to that of the transmitter 2, the receiver, and
thus the transmitter, are not accurately tuned to the in-
coming enemy signal. During this period the tuning in-
dicator will give a wide shadow, while as soon as the
effect of the automatic frequency control circuit has worn
off and the receiver is now tuned to the incoming enemy
signal, the shadow on the indicator 180 will become nar-
row. If, on the other hand, the transmitter frequency is
identical with that of the signal to be jammed and re-
ceived by the receiver 101, the tuning indicator 180 will
be at its sharpest while the automatic frequency control
circuit still locks the receiver 101 with the transmitter
2, and will stay at this illumination when the locking
effect of the automatic frequency control circuit dimin-
ishes. If the tuning indicator 180 shows that there is
a frequency difference between the transmitter 2 and the
signal to be jammed, the receiver 101 and the transmitter
2 are commonly tuned to remove the difference, until
optimum sharpness of the indicator 180 is obtained for
all conditions,

The system, as described above, is completely adequate
for jamming amplitude modulated signals. If frequency
modulated signals are to be jammed, it is desirable to
wobble the carrier frequency from the transmitter 2.
For this purpose a small variable condenser 29 is pro-
vided in shunt with the condenser 27. This condenser
may be continuously tuned by means such as a motor
194 to wobble the carrier frequency both sides of its
normal mean position. This will then serve to jam fre-
quency modulated waves as well as those which are
amplitude modulated. It is preferable when amplitude
modulated waves alone are to be jammed to permit the
transmitter to operate at a steadier carrier frequency
since the frequency wobbling of the carrier serves some-
what to reduce the effectiveness of the system.

While I have described above a preferred embodiment
of my invention, it is to be clearly understood this serves
merely by way of illustration and is not intended to de-
fine the scope of my invention. It is cltar, for example,
that other types of saw-tooth generators and multi-vibra-
tors may be used. The specific details of the individual
receivers are also unimportant, it only being necessary
that the tuning receiver, as contrasted with the scanning
receiver, be provided with automatic frequency control
means for locking the same with the transmitter. Vari-
ous types of automatic frequency control circuits other
than that illustrated are known to the art, and it is con-
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templated that such other well known circuits may be
used in place of the specific circuit illustrated. Other
jamming signal transmitters than the specific form shown
are also known to the art and may be used in the present
system in place of the specific one described.

It is also contemplated that the jamming system may
consist of the receiver 101 together with a suitable jam-
ming transmitter without the use of a scanning receiver.
The scanning receiver assists in finding the station it is
desired to jam, but in some instances a tuning receiver
such as the receiver 101 can be used and alone is suitable
for the purpose.

Accordingly, while I have described above the princi-
ples of my invention in connection with specific appara-
tus, it is to be clearly understood that this description is
made only by way of example and not as a limitation on
the scope of my invention as set forth in the objects and
the accompanying claims.

What is claimed is:

1. A radio system comprising, in combination, a trans-
mitter and two adjacently located receivers, one of said
receivers including means for tuning the receiver and
means for continually scanning a frequency band de-
termined by said tuning means, indicator means con-
nected to said one receiver for indicating the reception of
a signal within the scanning frequency band, means for
alternately blocking said transmitter on the one hand and
partially blocking both said receivers on the other hand,
whereby, when said receivers are partially blocked they
will still receive the signals from the adjacently located
transmitter, common means for tuning said transmitter
and said receivers, means connected to said second re-
ceiver for identifying a received sginal, a tuning indicator
connected to said second receiver, means for rendering
said tuning indicator ineffective when said transmitter is
operating, normally blocked automatic frequency control
means for said second receiver, and means for rendering
the said automatic frequency control means effective
whenever said transmitter is unblocked and said receiver
is partially blocked.

2. The combination according to claim 1, in which said
automatic frequency control means includes means for
maintaining the tuning of said second receiver locked
to the frequency of said transmitter after said trans-
mitter is blocked for a predetermined time after said
second receiver is operative. ]

3. The combination according to claim 1, in which
said blocking means includes a multj-vibrator and means
for energizing the same.

4. The combination according to claim 1, in which said
tuning indicator is a cathode ray tube.

5. A radio system including, in combination, a tunable
transmitter, a tunable receiver, common means for tuning
both transmitter and receiver, means for alternately block-
ing said transmitter and partially blocking said receiver,
a tuning indicator connected to said receiver, means for
blocking said tuning indicator when said transmitter is un-
blocked, normally blocked automatic frequency control
means connected to said receiver, and means for unblock-
ing the automatic frequency control means whenever said
transmitter is unblocked and said receiver is partially
blocked.

6. The combination according to claim 5, in which said
automatic frequency control means includes means for
maintaining the tuning of said second receiver locked to
the frequency of said transmitter after said transmitter
is blocked for a predetermined time and said second
receiver is operative.

7. The combination according to claim 5, in which said
blocking means includes a multi-vibrator and means for
energizing the same.

8. The combination according to claim 5, in which
said tuning indicator is a cathode ray tube.

9. The method of jamming which includes the steps of
detective tuning for signal reception at different tuning
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points over a given frequency range, scanning the tuned
frequency from one side to the other of each tuning point.

over a predetermined band, transmitting a jamming signal
at the frequency of a selected tuning point, alternately

receiving the signal to be jammed and transmitting the .

jamming signal, identifying the received signal, compar-
ing the received signal with the jamming signal, locking
the transmitting operation to the tuned reception of the
signal to be jammed, and tuning the transmitting opera-
tion by tuning for maximum signal reception.

10. The method of jamming which includes the steps
of detecting a signal to be jammed and simultaneously

10

transmitting a jamming signal at the frequency of the
detected signal, alternately, blocking the transmission of
the jamming signal and partially blocking the reception
of the signal to be jammed, locking the transmitting
operation to the tuned reception of the signal to be
jammed, and tuning the transmitting operation by tuning
for maximum signal reception.
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